Background People with intellectual disabilities (ID) often do not meet recommended guidelines for physical activity. The aim of this study was to systematically review available evidence that evaluated the effectiveness of interventions to increase physical activity in individuals with ID. Method Five electronic databases (MEDLINE, CINAHL, EMBASE, SPORTDiscus and Cochrane Central Register of Controlled Trials) were searched from inception of the database to July 2017 to identify randomised controlled trials that evaluated the effectiveness of interventions to improve physical activity among people with ID. Trials were included if they measured at least one objective measure of physical activity. Quality appraisal was completed by two independent reviewers using the Cochrane Risk of Bias Tool. The magnitude of treatment effect was estimated for each intervention by calculating the
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Introduction
Between 67% and 83% of children and adults with intellectual disabilities (ID) do not participate in the recommended amount of physical activity (Stanish et al. 2006) . Physical activity is essential for cardiovascular fitness, bone health, psychological well-being and maintenance of a healthy body weight (Warburton et al. 2006) . Recommended guidelines suggest children should partake in a minimum of 60 min of moderate to vigorous physical activity per day on most days of the week and adults between the ages of 18 to 64 years should perform 150 min of moderate to vigorous physical activity per week (Pitetti et al. 2009; World Health Organization 2010) . However, people with ID often lead sedentary lifestyles (Robertson et al. 2000; Emerson 2005; Bartlo & Klein 2011; Tudor-Locke et al. 2011 ) and have significantly lower levels of physical activity levels compared with the general population (Robertson et al. 2000; Frey 2004; Emerson 2005; Stanish et al. 2006; Bartlo & Klein 2011) . There are many personal, social and environmental barriers to physical activity for people with ID. For children with ID, reported barriers to physical activity include competing family responsibilities, parental overprotection, child factors (e.g. cognitive abilities, physical characteristics and behavioural problems), reduced physical or behavioural skills and lack of accessible physical activity programmes (Barr & Shields 2011; . For adults with ID, barriers to physical activity include lack of support, not wanting to engage in physical activity, as well as medical and physiological factors (Mahy et al. 2010) .
Low physical activity is associated with negative health outcomes and is the fourth leading risk factor for mortality worldwide (World Health Organization 2010) . It increases the risk of non-communicable diseases, such as diabetes and cardiovascular disease, which account for approximately 50% of the overall global burden of disease (World Health Organization 2010) . People with ID have poorer physical and mental health than the general population (Sutherland et al. 2002; Lennox et al. 2007) . Further, this increased morbidity in people with ID increases the burden on caretakers and disability services (Krahn et al. 2006) .
Regular participation in physical activity has the ability to reduce the burden of chronic disease by improving and maintaining physical and mental health and is therefore considered an important intervention for people with ID (Durstine et al. 2013) . Two previous systematic reviews reported physical activity interventions can improve fitness (e.g. muscle strength), balance and psychological outcomes, such as enhanced self-confidence, in adults with ID (Bartlo & Klein 2011; Heller et al. 2011) . However, these reviews did not evaluate whether the interventions were effective at increasing physical activity levels. More recently, a systematic review investigated the efficacy of interventions to increase physical activity in children and adolescents; however, adults were not included .
Therefore, the aim of this study was to systematically review available evidence that has evaluated the effectiveness of interventions to increase physical activity in individuals with ID.
Method
The protocol for this systematic review was prospectively registered in PROSPERO (ID: CRD42016046948) . This systematic review is reported using the PRISMA guidelines (Moher et al. 2009 ).
Eligibility criteria

Types of studies
Only randomised controlled trials were included as this is a rigorous research design. There were no restrictions on the language of trials, publication status or year of publication. However, only trials that were published in peer-reviewed journals were included. Grey literature, such as conference abstracts and theses, were not included.
Types of participants
We included trials that recruited participants of all ages who were described as having an ID that originated prior to the age of 18 years.
Types of interventions
Interventions were included if their primary or secondary aim was to increase physical activity in individuals with ID. Interventions could be unimodal or multimodal. For this review, unimodal interventions were single interventions that had no health promotion component, and multimodal interventions were programmes that combined education, health promotion and physical activity. Interventions included but were not limited to (1) structured physical activity (exercise), cycling or walking programmes and (2) behavioural change programmes that included education and nutrition components in addition to physical activity.
Types of outcome measures
The primary outcome measure of this review was physical activity, therefore included trials needed to have at least one objective measure of physical activity. We limited trials to those that measured physical activity using objective measures such as direct observation, accelerometers, pedometers and doubly labelled water. Trials that used subjective measures (such as questionnaires) to measure physical activity were not included as such measures have questionable validity (Matthews et al. 2011) . Objective measures of physical activity are considered more valid than subjective measures (Hinckson & Curtis 2013; Sylvia et al. 2014) . Physical activity was considered as any bodily movement that resulted in energy expenditure, which covers all forms of activity (Caspersen et al. 1985) . We did not limit the duration of follow-up.
Search strategy
Electronic searches
Five electronic databases (MEDLINE (1946-) , CINAHL, EMBASE, SPORTDiscus and Cochrane Central Register of Controlled Trials) were searched from inception of the database to July 2017. A search strategy adapted for each database was developed based on two key concepts: intellectual disability and physical activity (Data S1). Relevant MeSH and free text terms were incorporated into the search strategy; for example, mentally disabled persons for ID and exercise for physical activity. Terms were combined with appropriate Boolean operators. Valid search filters were used (Data S2) to identify randomised controlled trials (Wong et al. 2006; Lefebvre et al. 2011; SIGN 2017) . Citation tracking of eligible trials was performed using Scopus, and reference lists of the identified trials were checked for potentially eligible trials that database searches may have missed.
Data extraction and analysis
Selection of studies
Retrieved searches were exported into Endnote version X7.4 (Thomson Reuters, New York, USA) and duplicates removed. Two reviewers (N. M. H. and S. E. M.) independently screened titles and abstracts of the articles retrieved (n = 3188) and excluded those that did not meet the eligibility criteria (n = 863) (Fig. 1) . Where it was unclear from the title and abstract if an article should be included, the full text was retrieved and the eligibility criteria reapplied. Disagreements were resolved by consensus. There were three studies (Neman et al. 1975; Shields et al. 2008; Schijndel-Speet et al. 2012 ) that were excluded from being included in the review following a consensus discussion.
Data management
We used a data extraction form to obtain data on study characteristics (sample size, description of the interventions and participant characteristics) and outcome measures (Tables 1-3 ). Two reviewers (N. M. H. and S. E. M.) extracted data from the trials independently. Where possible, means and standard deviations were extracted for physical activity outcome measures at each reported time point. In cases where data were missing, the trial authors were contacted via email for further information.
Assessment of risk of bias in included studies
The internal validity of included studies was evaluated using the Cochrane Collaboration Risk of Bias Tool (Higgins et al. 2011) . This tool evaluates the risk of selection bias, performance bias, detection bias, attrition bias and other potential biases in randomised controlled trials. The criteria considers the method of random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data and selective reporting.
Review Manager 5.3 (Review Manager 2014) was used to summarise the risk of bias for each trial. Each criterion was assigned a high, low or unclear risk rating, in which 'yes' indicates a low risk, 'no' indicates a high risk and 'unclear' indicates insufficient information was provided to enable a judgement of risk of bias (Higgins et al. 2011) . A trial was considered to be at high risk of bias if at least one of the criterion was rated as high risk. In contrast, a trial was considered to be at low risk of bias if all criteria were rated low risk. Any trials not meeting these criteria were rated unclear (Higgins et al. 2011; Whittaker et al. 2017) . However, importantly, because of the nature of the interventions used, it is very difficult to implement participant blinding, and thus, trial findings were interpreted in the context of this issue. Two reviewers (N. M. H. and K. B. L.) assessed the risk of bias independently, and any 326 (87) 304 (123) 337 (86) 265 ( 
Results
Description of studies
The search strategy yielded 3188 records for assessment of eligibility (Data S1). The yield was reduced to 26 articles that were reviewed in full text. After applying the eligibility criteria, nine trials were included. Reasons for exclusion included nonrandomised trials, implementing the intervention on individuals without ID (i.e. carers only) and not including a measure of physical activity (Fig. 1) . One author was contacted to determine whether their study protocol (van Schijndel-Speet et al. 2013) had led to any publications, and the trial was subsequently added to the review (van Schijndel-Speet et al. 2017). Three authors (McDermott et al. 2012; Bergstrom et al. 2013; Melville et al. 2015) were contacted to request missing data but we were unable to obtain this information. Tables 1 and 2 present a summary of the study characteristics and interventions of the nine trials included in the review. Three trials (Bergstrom et al. 2013; Melville et al. 2015; van Schijndel-Speet et al. 2017) were cluster randomised controlled trials, and six Ulrich et al. 2011; McDermott et al. 2012; Shields et al. 2013) were randomised controlled trials, of which two (Curtin et al. 2013; Shields & Taylor 2015) were pilot randomised controlled trials.
The age of participants varied across trials from 9 months to 83 years. Five trials included participants who were young children and adolescents (AnguloBarroso et al. 2008; Ulrich et al. 2011; Curtin et al. 2013; Shields et al. 2013; Shields & Taylor 2015) , while the remaining four trials included adult participants (McDermott et al. 2012; Bergstrom et al. 2013; Melville et al. 2015; van Schijndel-Speet et al. 2017) . The number of men and women in each group was relatively balanced, except for one trial (Curtin et al. 2013 (Bergstrom et al. 2013) , with a median duration of 3 months. Where required, interventions were adapted to suit the abilities of the participants by simplifying the task or modifying equipment required for the intervention. Multimodal interventions involved other professionals (i.e. dietitian, health ambassador or individuals with experience in teaching individuals with ID) to deliver the educational components to participants. When a trial included children, their parents were involved in applying the intervention, and in the other remaining trials with adult participants, carers or staff members of the place of residence were also involved. For adolescents, two trials used student mentors to support the participants to exercise (Shields et al. 2013; Shields & Taylor 2015) . Four interventions were based on a theoretical framework (i.e. social cognitive theory) that simplified the intervention to account for differences in communication and cognitive levels and to improve its applicability in a real-life setting (McDermott et al. 2012; Bergstrom et al. 2013; Melville et al. 2015; van Schijndel-Speet et al. 2017) .
Control groups were either wait-listed (Ulrich et al. 2011; Bergstrom et al. 2013; Melville et al. 2015) , usual care (van Schijndel-Speet et al. 2017) or inert interventions that were not expected to have an effect on physical activity (e.g. social activities not involving physical activities) (McDermott et al. 2012; Shields et al. 2013; Shields & Taylor 2015) . In two trials Curtin et al. 2013) , both groups received active interventions. In the first trial by Curtin et al. (2013) , one group received nutrition and physical activity education, and the other received a behavioural intervention in addition to nutrition and physical activity education. In the second trial by Angulo-Barroso et al. (2008) , two treadmill training protocols were compared (one group received high-intensity training while the other group received low-intensity training). All included trials measured physical activity as the primary outcome measure except for one trial (Shields et al. 2013) where physical activity was a secondary outcome. All trials measured physical activity using accelerometers or pedometers ( Table 3) 
Risk of bias assessment
Risk of bias is displayed in Figure 2 . None of the trials were rated as low risk of bias as all had at least one participants. There was no difference between groups for physical activity at 12 months (SMD 0.35, 95% CI À0.31 to 1.01).
Effects of interventions
In the second trial (Shields et al. 2013 ), a 10-week progressive resistance training programme was compared with a social programme of recreational activities not related to physical activity (e.g. crafts, baking or watching movies) in 68 participants. A large significant difference in physical activity in favour of the progressive resistance training programme was found at 24 weeks (SMD 0.78, 95% CI 0.17 to 1.40), but not immediately after the programme at 11 weeks (SMD 0.20, 95% CI À0.39 to 0.80).
The third trial (Shields & Taylor 2015) compared an 8-week walking programme with a social programme in 16 participants using student mentors in both groups. No difference was found in physical activity between the groups at 9 weeks (SMD 0.36, 95% CI À0.81 to 1.52).
The final trial (Angulo-Barroso et al. 2008) compared a 9-month high-intensity treadmill protocol with a low-intensity treadmill protocol in 30 infant participants. The intervention ended for each participant when they were able to independently walk three steps (walking onset). There was no difference in physical activity levels between groups during the intervention phase (SMD 0.55, 95% CI À0.18 to 1.28).
Multimodal interventions
Five trials examined the effectiveness of multimodal interventions (Tables 3,4). One trial (Melville et al. 2007 ) compared a 12-week multimodal intervention of a physical activity programme and behavioural 'Steps to your Health' programme 12 months 0.14 (À0.23 to 0.50) Melville et al. (2015) Walking programme 'Walk Well' 3 months À0.04 (À0.47 to 0.39) Shields et al. (2013) Progressive resistance training programme 11 weeks 0.20 (À0.39 to 0.80) 24 weeks 0.78 (0.17 to 1.40) Shields and Taylor (2015) Structured walking programme 9 weeks 0.36 (À0.81 to 1.52) Ulrich et al. (2011) Modified bicycle change techniques with a wait-list control group in 102 participants. There was no difference between the groups for physical activity immediately postintervention (SMD À0.04, 95% CI À0.47 to 0.39). Three trials (McDermott et al. 2012; Bergstrom et al. 2013; Curtin et al. 2013 ) used multimodal interventions that included physical activity and nutrition education components. One of these trials (Bergstrom et al. 2013 ) compared a 12-to 16-month intervention with a wait-list control group in 130 participants. Data (i.e. means and standard deviations) were not reported to allow calculation of SMDs. However, the authors reported a positive intervention effect on physical activity, which was statistically significant (P = 0.045), with an effect size of 0.29. The second of these trials (McDermott et al. 2012 ) compared a 12-week health promotion programme with a hygiene and safety programme in 432 participants. There was no difference in moderate to vigorous physical activity between the groups at 12 months (SMD 0.14, 95% CI À0.23 to 0.50). The third of these trials (Curtin et al. 2013 ) compared a 9-month education programme with the same education programme that also included a behavioural intervention programme in 21 participants. There was no difference in physical activity levels between the groups at 12 months (SMD 0.73, 95% CI À0.22 to 1.68).
Lastly, one trial (van Schijndel-Speet et al. 2017) compared an 8-month physical activity framework and education programme with usual care in 131 participants. Participants in both groups were stratified according to their walking speed; fast and slow walkers. At 6 months, differences between groups were not statistically significant for both subgroups (fast walkers SMD 0.51, 95% CI À0.17 to 1.19; slow walkers SMD 0.03, 95% CI À1.16 to 1.21). However, for fast walkers, there was a large statistically significant improvement in physical activity levels at 8 months (SMD 0.91, 95% CI 0.20 to 1.60). No data were reported for the 8-month time point for the slow walkers.
Discussion
The aim of this study was to systematically review available evidence that evaluated the effectiveness of interventions to increase physical activity in individuals with ID. Two previous systematic reviews reported physical activity interventions can improve fitness (e.g. muscle strength), balance and psychological outcomes, in adults with ID (Bartlo & Klein 2011; Heller et al. 2011) . However, these reviews did not evaluate whether the interventions were effective at increasing physical activity levels. Further, a recent systematic review investigated the efficacy of interventions to increase physical activity in children and adolescents. However, unlike the present study, adults were not included. Our study showed that the body of evidence was small, with only nine randomised controlled trials having investigated the effectiveness of interventions to increase physical activity for individuals with ID. The majority of the trials (six trials) found no differences between groups that suggests the experimental interventions that have been evaluated are no more effective than the control interventions. Only three trials (Bergstrom et al. 2013; Shields et al. 2013; van Schijndel-Speet et al. 2017) found positive effects on physical activity, and these will be discussed in more detail in the succeeding text.
A 10-week supervised progressive resistance training programme appears to be an effective intervention to maintain physical activity levels in young people with Down syndrome (Shields et al. 2013) for at least 3 months post-intervention. This effect occurred as a result of participants of the programme maintaining their physical activity levels after the intervention ceased, whereas physical activity levels of the control group participants declined. These findings suggest that a key benefit of the training programme is that it assists people in establishing a routine that involves daily physical activity while also preventing overall physical activity levels from declining over time. Other benefits to a progressive resistance training programme includes being simple to perform and relatively simple to resource (improving applicability to the intended population). However, while the intervention has shown to be beneficial for young adults with Down syndrome, additional evaluation is required to confirm if this intervention is effective in different populations with ID.
Of the multimodal interventions, a 12-to 16-month multicomponent diet and physical activity health promotion programme involving carers and participants was found to significantly improve physical activity levels post-intervention (Bergstrom et al. 2013) . The involvement of a caregiver as part of the intervention is likely to have been an important contribution to its effectiveness, as caregivers play a key role in encouraging physical activity (Heller et al. 2004; Mahy et al. 2010 ) and can assist in reducing the complexity of a multicomponent intervention. Further, adaptability of a programme to the routines of carers and residents was also favourable as it made the programme easier to implement and supported changes to physical activity. Although the intervention resulted in improvements in physical activity, this was only found at the completion of the trial (16 months), so the long-term effect of the programme on physical activity is unclear.
Another multimodal intervention using a physical activity and fitness programme also showed a large effect in improving physical activity at 8 months in people with ID that were 'fast walkers ' (van SchijndelSpeet et al. 2017) . The features of this intervention were advantageous, as, first, the programme used staff members from the day activity centres to conduct the programme at the same facility, so the participants were familiar with the setting and the individuals implementing the intervention. Second, the programme was adapted to the needs of the participants, which helped to incorporate physical activity into their daily routine. This programme highlights the importance of designing interventions that use established facilitators to physical activity; these include support from others, familiarity and routine (Mahy et al. 2010) .
For the remaining trials, particularly those with an intervention that involved a health promotion programme, it is possible that the lack of effect of the interventions is related to the difficulty in adapting complex behaviour change interventions for people with ID. For example, despite interventions adhering to guidelines for developing physical activity interventions for disadvantaged groups (Michie et al. 2009 ) -by simplifying several components of the programme and avoiding complex behaviour change techniques -it was reported that participants still expressed difficulty in completing these tasks (Melville et al. 2015) . Additionally, some interventions were based on social cognitive theory where the main principle is the concept of selfefficacy, which is a belief in one's capabilities in performing a behaviour. It also identifies that the outcomes of the behaviour must be valued by the individual (Bandura 1997) . Individuals with ID may not perceive the outcomes of the interventions as rewarding or valuable. Further, another theory that may explain these findings is self-determination theory, which highlights the importance of both intrinsic and extrinsic motivation as precursors to behaviour change (Deci & Ryan 2008) . It is possible that a lack of motivation (either intrinsic or extrinsic) may have influenced the outcomes of the intervention and participants' intentions to continue performing physical activity in the long term. The use of a mentor, however, has the ability to overcome these barriers and improve physical activity by supporting the individual. This is supported by three of the studies reviewed (Bergstrom et al. 2013; Shields et al. 2013; van Schijndel-Speet et al. 2017 ) -where a mentor to support the interventions was utilised -all of which reported a positive effect on physical activity.
An important consideration when interpreting the findings of this review relates to the quality of the included trials. None of the included trials were assessed to be at low risk of bias -all of the trials were rated as high risk of bias in at least one, and usually across multiple, domains of the Cochrane Risk of Bias Tool. Specifically, trials were often at risk of selection bias (from lack of allocation concealment), detection bias (from lack of assessor blinding) and attrition bias (from incomplete outcome data). Although we acknowledge the inherent difficulty in blinding participants to non-pharmacologic (e.g. physical) interventions of any kind in clinical trials (Boutron et al. 2004) , performance bias is a risk across the included trials. Future trials need to implement greater methodological rigour (i.e. allocation concealment and assessor blinding) to confirm the true effectiveness of interventions. An additional limitation is that not all included trials were based on a theoretical framework, which is considered an important prerequisite for designing an effective physical activity intervention (Temple & Walkley 2007) . Suboptimal reporting of adverse events was also an issue. Only one trial (van Schijndel-Speet et al. 2017) reported mild adverse events that occurred during the intervention. However, none of the trials that measured adverse events reported any (Bergstrom et al. 2013; Curtin et al. 2013; Shields et al. 2013; Melville et al. 2015; Shields & Taylor 2015) , which suggests that thoughtfully designed physical activity interventions are safe and feasible in this population.
There are several strengths and potential limitations of this review. We used a robust search strategy and used two reviewers to independently screen studies for inclusion, perform data extraction and risk of bias assessment. This review included only randomised controlled trials, as this is a rigorous research design that minimises confounding, and if methodologically rigorous, reduces bias. The inclusion of randomised controlled trials could include any type of randomised controlled trial, including pilot trials that randomised at allocation, which included two pilot trials in this review (Curtin et al. 2013; Shields & Taylor 2015) . Although an issue associated with pilot randomised controlled trials is their small sample size, we included these types of studies as they are important in providing information on the feasibility of an idea or intervention that may help guide a larger scaled trial (Leon et al. 2011; Spieth et al. 2016) . Furthermore, if the samples and methods of any included pilot randomised controlled trials were homogenous with any other trials that were included in this review, we could have included these in a planned meta-analyses. However, we found that following the final inclusion of trials, we were unable to conduct meta-analyses.
Conclusions
There is inconsistent evidence of the effects of interventions on improving physical activity in individuals with ID. A progressive resistance training programme was found to maintain physical activity levels in adolescents with Down syndrome, while a multicomponent diet and physical activity programme and a physical activity and fitness programme were found to improve physical activity levels in adults with ID. However, future trials using rigorous research designs are required to confirm these effects and establish whether other interventions designed to increase physical activity in people with ID are effective.
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